Paradoxical effects of metalloporphyrins on doxorubicin-induced apoptosis: scavenging of reactive oxygen species versus induction of heme oxygenase-1.
The cytoprotective effects of redox-active metalloporphyrins (e.g., FeTBAP and MnTBAP) were generally attributed to their ability to scavenge reactive oxygen and nitrogen species. In this study, we evaluated the pro- and antiapoptotic potentials of different metalloporphyrins containing iron, cobalt, zinc, and manganese in adult rat cardiomyocytes exposed to doxorubicin (DOX), an anticancer drug that forms superoxide and hydrogen peroxide via redox-cycling of DOX semiquinone in the presence of molecular oxygen. We used electron spin resonance/spin trapping and cytochrome c reduction to assess the scavenging of superoxide anion by metalloporphyrins. Superoxide anion was effectively scavenged by FeTBAP and MnTBAP but not by CoTBAP and ZnTBAP. FeTBAP efficiently scavenged H(2)O(2). Both CoTBAP and FeTBAP inhibited DOX-induced cardiomyocyte apoptosis. These findings implicate that mechanisms other than oxy-radical scavenging may account for their antiapoptotic property. In addition, CoTBAP and FeTBAP induced heme oxygenase-1 more potently than did MnTBAP and ZnTBAP. Inhibition of heme oxygenase abolished the protective effect of CoTBAP and reduced the protection by FeTBAP against DOX-induced cardiomyocyte apoptosis. We propose that metalloporphyrins can inhibit apoptosis either by inducing heme oxygenase-1 and antiapoptotic protein signaling or by scavenging reactive oxygen species.